This study was undertaken to investigate the extent to which gastric electrical control activity and phasic contractile activity are preserved after Billroth II resection 
Phasic contractions in the intact distal stomach are controlled, among other mechanisms, by a myoelectrical phenomenon which consists of rhythmically occurring transmembrane potential variations.' This electrical activity can also be recorded with extracellular electrodes as a regular, periodic signal. In man the frequency is approximately three cycles per minute (cpm). These so-called slow waves or electrical control activity2 are always present and are independent of the presence of motor activity. Phasic contractions are related to a different type of electrical activity, characterised by spikes during a negative deflection occurring after the primary potential. This activity is called electrical response activity. 3 No regular slow waves are present in the gastric fundus. The origin of this activity -that is the pacemaker -is found on the greater curvature, approximately in the proximal corpus,4 from where the slow waves are propagated aborally,5 increasing in both amplitude and frequency. 6 The Billroth II partial gastrectomy, one of the most commonly performed stomach resections, is well known for the frequency of postoperative symptoms like dumping, nausea, vomiting, and fullness.7 It has been shown that gastric emptying of both solids and semi-solids is disturbed after this surgical procedure8'10 and that the emptying characteristics are related to several of these symptoms." Smout et al have shown that gastric emptying studies in patients with a Billroth II gastric remnant are clinically relevant to their symptoms." Electrical and motor activities of the gastric remnant after a Billroth II resection are likely to be influenced by what happens to the pacemaker area and thus to the myoelectrical control mechanisms during and after surgery. 12 This study was undertaken to investigate the extent to which gastric electrical control activity and phasic contractile activity are preserved after Billroth II resection and to assess any relation between these activities and postprandial symptoms in patients with a Billroth II gastric remnant. In addition to the study in humans, three dogs (Beagles) were operated on to study the effect of Billroth II partial gastrectomy on the myoelectrical activity of the gastric remnant, and more specifically to look at the possible occurrence of retrograde propagation of jejunal electrical activity. A Billroth II gastric resection was performed followed by the implantation of four bipolar serosal Ag/AgCl needle electrodes. Two electrodes were sutured on the distal part of the gastric remnant, one on the afferent jejunum and one on the efferent jejunum. All leads were tunnelled subcutaneously and soldered to a connector cemented on the dog's scalp, thus allowing repeated recording in the conscious animal. Recordings started two weeks after implantation and were continued for three to six months; recordings took place during fasting and after a test meal of normal dog food.
Material and methods
All data are expressed as mean (SD) unless otherwise stated. Statistical analysis of differences between groups was performed with Wilcoxon's rank test. Correlations between variables were assessed by calculation of Spearman's rank correlation coefficients.
Results A considerable number of patients suffered from at least some degree of postprandial symptoms. Eight patients (24%) could be classified as Visick I, 11 as Visick II (34%), and five (15%) and nine (27%) patients had to be classified as Visick III and IV respectively. Postprandial fullness, nausea, vomiting, regurgitation, and cramping pain were particularly troublesome, but heartburn was also a prominent symptom in 30% of the patients (Table I) .
Manometrically, the Billroth II gastric remnants showed phasic activity in all but one patient -that is, in 97% (Fig 1) . The mean (SD) fundamental repetition frequency was 2-8 (0 2) cpm (range 24-3-0), both -r -f -2 L X j ; , a ; w ; s A , J N * L a -# u v I (Fig 1) . Using Running Spectrum Analysis, the presence of a component at approximately 3 cpm could be shown in 27 of 33 patients (82%) (Fig 2) . The incidence of the 3 cpm components recorded in those patients in whom it was found, varied from 10 to 97% of the recording time. The incidence after the test meal seemed to be somewhat higher than in the fasting state (65 (26)% v 56 (30)%), but this difference failed to reach statistical significance.
The power of the 3 cpm component in the fasting state was 57 (42) arbitrary units, whereas after the test meal it was slightly higher: 67 (45) arbitrary units. The power ratio, defined as the quotient of postprandial and fasting power, was 1-5 (1 1) in the Billroth II patients. The discrepancy between this figure and the figures for the mean fasting and postprandial powers is explained by the recordings in four patients in whom proper recordings could not be obtained either before or after the test meal for technical reasons. In some patients even a power decrea, after the test meal was observed (Fig 2, left  panel) .
The frequency of the gastric component varied between subjects -in the fasting state the mean (SD) frequency was 3-1 (02) cpm (range 2 75-3-5) and postprandially the frequency was 3-0 (0 2) cpm (range 2 75-3 5). After the test meal the characteristic frequency dip'4 6 was not observed in our patients.
A component of approximately 10 cpm was present in the electrogastrographic signal in 20 patients (61%) (Fig 2) .
The mean (SD) power of this 10 cpm band was about half that of the 3 cpm signal -33 (47) arbitrary units in the fasting state and 28 (47) postprandially: in several patients it disappeared completely after the test meal (Fig 2) .
The mean fasting incidence of the 10 cpm component was 49 (28)%, the mean postprandial incidence 49 (23)%.
The frequency of this component varied between subjects in the range of 9 5 to 12 cpm; the mean fasting frequency being 10-7 (0 6) cpm and the postprandial frequency 10.5 ( 0 8) cpm.
To investigate the nature of the 10 cpm component in the Billroth II patients, we performed Running Spectrum Analysis on the respiratory signal in all patients in whom a recognisable 10 cpm component was found. The frequency band at 10 cpm could not be shown in the respiratory grey plots (Fig 2) , indicating that the high frequency band in the electrogastrogram is not caused by respiration.
In the three dogs, electrical control activity with a frequency of approximately 5 cpm was recorded from the two electrodes on the gastric remnant. In addition, a high frequency signal was recorded from the most distal of the two gastric electrodes in each of the three, particularly in the recordings made after the first three months after surgery (Fig 3) . This signal was found to be present in both the fasting and postprandial states. Its frequency (approximately 18 This study also shows that in most of these were compared with those patients slow waves with a similar frequency to lty (6 of 33), no significant those in the intact stomach can be recorded by ccurrence or intensity of means of surface recording. It seems likely, ns was found.
therefore, that in a Billroth II partial gastrectomy and nausea were lower in the pacemaker area is usually left intact or only in whom a high frequency partly removed. The amplitude of these slow s found (Fig 5) (p<0-05, waves, certainly postprandially, seems to be gher frequency within the lower than in the intact stomach.2" This is not was associated with higher surprising since the source of the electrogastroiusea, and vomiting (Table graphic signal is the smooth muscle of the distal requencies (10 cpm com-stomach'8 and most of this is removed in Billroth Mnts without any symptoms II resections. Perhaps this fact is also related to r vomiting were lower than the postprandial disappearance of the 3 cpm oms: 10-29 (0-53) v 10-93 band (and also the 10 cpm component) in some of sting period (p<0-05) and our patients. (0-75) cpm postprandially As in unoperated subjects, spectral analysis of the electrogastrographic signals, in particular und between electrogastro-Running Spectrum Analysis, was found to be etry findings or symptoms very useful. It provides a better insight into the after surgery.
characteristics of the gastric component than can be obtained by visual evaluation of the paper recording. However, the usual postprandial frequency dip followed by a rise in frequency'7 1 ' n that in most patients who was not seen after Billroth II resection. We Iroth II partial gastrectomy, suspect that our inability to detect these posttions are present and can be prandial changes is due to the low amplitude of inal manometry, in particu-the electrogastrographic signal. Also, the power g period. Although mano-ratio in patients with a Billroth II gastric remnant ollow viscus is known to (mean (SD) 1-5 (1-1) arbitrary units), measured information, it is clear that by means of Running Spectrum Analysis, is lower than is observed in healthy subjects in whom a power ratio of -2-0 was shown by Geldof et al.' 20 The positive correlations which were found between the frequency of the 3 cpm component relevance of these findings, therefore, is as yet uncertain.
An intriguing finding in our study was the frequent occurrence of a high frequency band of about 10 cpm in the electrogastrogram of Billroth II patients. Such a component is rare in the intact human stomach; it is found in only 4% of the recordings in healthy volunteers. A respiratory origin was considered to be the possible cause of this signal. '7 In the dog, recordings of electrical activity by means of serosal electrodes also show a component of higher frequency (about 18 cpm).317 By simultaneous recording of duodenal electrical activity it was shown that duodenal slow waves were the origin of the 18 cpm component.
By performing Running Spectrum Analysis of the simultaneously recorded respiratory signal we could exclude a respiratory origin for the high frequency band. Its frequency of approximately 10 cpm made a relation with the jejunal slow wave activity likely.
Our findings in the dog lend support to this hypothesis. In all three dogs slow waves were found in the distal gastric remnant, with a frequency identical to the frequency in the jejunum just distal to the anastomosis. As bipolar electrodes were used, the slow waves recorded at the gastric leads had to be of gastric origin and could not just be electrotonically conducted from the jejunum. We concluded that, in the dog, retrograde propagation of slow wave activity occurs across the anastomosis, from the jejunum into the gastric remnant. Based on these findings, we hypothesise that in people who have undergone Billroth II resection, the presence of a frequency band at 9-5-12 cpm is caused by retrograde propagation of electrical activity from the jejunum. After Billroth II resection the distal stomach seems to be capable of producing not only near to normal slow wave activity (3 cpm), but also jejunal-like activity.
Theoretically, the altered position of the jejunum in respect of the abdominal wall may be responsible for the presence of the high frequency band in the surface signal after gastrojejunostomy. The findings in dogs, however, lend support to our assumption that this band originates in the gastric remnant.
It is not known whether the distal gastric remnant is also capable of contracting at jejunal frequency. Assuming that 10 cpm contractile activity occurs in the gastric remnant, one could understand some of the correlations present between 10 cpm frequency and power, and symptoms: a stronger 10 cpm contractile activity might add to the emptying capacity of the stomach. The correlation between its frequency and several symptoms, however, is more difficult to explain. Although it is clear that our knowledge of the pathophysiological mechanisms involved in symptoms so frequently encountered after gastric surgery is still limited, gastric manometry and electrogastrography may help to increase our understanding of these.
